Mammalian circadian organization is believed to derive primarily from circadian oscillators within the hypothalamic suprachiasmatic nuclei (SCN). The SCN drives circadian rhythms of a wide array of functions (e.g., locomotion, body temperature, and several endocrine processes, including the circadian secretion of the pineal hormone melatonin). In contrast to the situation in several species of reptiles and birds, there is an extensive literature reporting little or no effect of pinealectomy on mammalian circadian rhythms. However, recent research has indicated that the SCN and circadian systems of several mammalian species are highly sensitive to exogenous melatonin, raising the possibility that endogenous pineal hormone may provide feedback in the control of overt circadian rhythms. To determine the role of the pineal gland in rat circadian rhythms, the effects of pinealectomy on locomotor rhythms in constant light (LL) and constant darkness (DD) were studied. The results indicated that the circadian rhythms of pinealectomzied rats but not sham-operated controls dissociated into multiple ultradian components in LL and recoupled into circadian patterns only after 12-21 days in DD. The data suggest that pineal feedback may modulate sensitivity to light and/or provide coupling among multiple circadian oscillators within the SCN.
Although the pineal gland is integral to circadian organization of oscine passeriform birds and several species of iguanid reptiles, it is not essential for the generation of circadian rhythms in rodents (cf. Rusak, 1982; Takahashi and Zatz, 1982; Cassone, 1990) . Pinealectomy has little effect on free-running circadian activity patterns of rats (Rattus norvegicus) and Syrian hamsters (Mesocricetus auratus) in constant darkness (DD) (Richter, 1967; Quay, 1968; Aschoff et al., 1982) . Pinealectomized rats (Quay, 1970) and Syrian hamsters (Finkelstein et al., 1978) do re-entrain to phase-shifted photoperiods more rapidly than do their shamoperated controls. These effects, however, have been interpreted to represent an effect of pinealectomy on rodents' sensitivity to the &dquo;masking&dquo; effects of light, increasing masking rather than altering actual phase-shifting properties (Aschoff et al., 1982; Rusak, 1982) . In support of this view, Aschoff et al. (1982) have reported no effect of pinealectomy on Syrian hamsters' phase-shifting responses to discrete pulses of light.
Despite the fact that the mammalian pineal gland is not essential for circadian rhythmicity, there is growing evidence that the circadian oscillators within the suprachiasmatic nuclei (SCN) are sensitive to the pineal hormone melatonin, raising the possibility that rat circadian organization may be modulated by pineal feedback via this hormone. First, daily melatonin administration entrains the circadian locomotor rhythms of rats (Redman et al., 1983a; Cassone et al., 1986a ; Thomas and Armstrong, 1988) and Djungarian hamsters (Darrow and Goldman, 1986) . Furthermore, in squirrel monkeys (Hoban-Higgins and Fuller, 1990) and humans (Arendt et al., 1988; Sack et al., 1991) , circadian phase is altered by daily melatonin administration. In rats, the entrainment effect of melatonin is dependent on SCN integrity, since SCN lesions render rats insensitive to the hormone (Cassone et al., 1986b) . Second, the metabolic and electrical activity within the SCN are affected by exogenous melatonin in vivo (Cassone et al., , 1988a and in vitro (Mason and Brooks, 1988; Shibata et al., 1989; Stehle et al., 1989 ; Mason and Rusak, 1990 ) in a phase-and dosedependent fashion consistent with the hormone's behavioral effects; metabolic activity is inhibited during the late subjective day but is unaffected at other circadian times. Moreover, circadian rhythms of in vitro multiunit activity in the SCN of Syrian hamsters are phaseadvanced by superfusion of nanomolar concentrations of the hormone in the late subjective day, but are not affected during the subjective night (McArthur et al., 1989) . Third, the SCN of several mammalian species, including rats, hamsters, sheep, and humans, contain high-affinity melatonin receptors as determined by in vitro binding of 2[ 1251] iodomelatonin (Vanecek et al., 1987; Vanecek, 1988; Laitinen et al., 1989; Reppert et al., 1988; Weaver et al., 1989; Morgan and Williams, 1989) .
Together, the data indicate that although the pineal gland may not be integral to circadian pacemaking in rodents, it may feed back upon SCN oscillators to maintain rhythm stability, period, or phase. However, this putative feedback may be difficult to demonstrate in LD (light-dark) or DD, as is indicated by previous research (cf. Rusak, 1982; Armstrong, 1989) . Several mathematical models have predicted that the role of feedback from subservient systems and/or coupling among system oscillators can be deduced most easily from experiments involving stimuli that exert an &dquo;external force&dquo; upon the underlying pacemaker system (Wever, 1980; Pavlidis, 1981; Enright, 1984) , such as photic and pharmacological manipulations. Consideration of the aforementioned theoretical predictions and the overwhelming amount of data implicating melatonin in circadian organization prompted the present experiment to readdress the effects of pinealectomy on circadian rhythms in rats maintained in LL (constant light) and DD. The data presented here support the view that the pineal gland modulates pacemaker photic sensitivity and/or coupling.
MATERIALS AND METHODS
Adult male Long-Evans rats (n = 24) were maintained in a light-dark (LD) cycle of 16 hr light (average of approximately 360 lux, ranging from 425 lux on the top rack to 300 lux on the bottom) and 8 hr darkness (LD 16:8;  lights-on at 1600 hr, CST; lights-off at 0800 hr, CST) for 14 days, during which food (Purina Rat Chow) and water were continuously available. They were housed in polycarbonate cages equipped with stainless steel tops. These cage tops were fitted with removable Plexiglas inserts, each of which contained a stainless steel running wheel (27 cm in diameter x 12 cm wide). This set-up facilitated cage cleaning without disrupting data acquisition. Wheel-running revolutions were monitored by means of a data acquisition and control computer. Data were collected from magnetic microswitches attached to the running wheels with a Hewlett-Packard ES/12 Model 46 computer fitted with the Dataquest III (Mini-Mitter Co., Inc., Sunriver, OR) hardware and software package.
Because previous studies of pinealectomy (PINX) in house sparrows (Gaston, 1971 ) indicated an effect of the surgery on phase angle, the LD 16:8 photoperiod was selected to ensure a positive phase angle. After 14 days, rats were anesthetized and either were surgically pinealectomized (n = 12; PINX) or received a sham pinealectomy (n = 12; SHAM). Rats were preanesthetized with methoxyflurane fumes and anesthetized with intramuscular injections of 80 mg/kg ketamine and 20 mg/kg xylazine. They were then fitted into a stereotaxic instrument, and a cranial incision was made to expose the pineal area. In PINX rats, the dura mater was cut and pulled back to expose the pineal gland, which was then removed with fine mouse-toothed forceps. The dura and the skull cap were replaced and the incision was closed. SHAM rats experienced identical surgical procedures, with the exception that the pineal gland was not actually removed. After surgery, the incisions were treated with a topical antibacterial powder (nitrofurazone).
Rats were allowed to recover in LD 16:8 for an additional 14 days. When no effects (see &dquo;Results&dquo;) of PINX on phase angle or other behavioral parameters were observed in LD 16:8, the photoperiod was further increased to LD 22:2 (lights-on at 1200 hr, CST; lights-off at 1000 hr, CST) for 7 days to ascertain any effect of the surgery on the entrained rhythm. After this period, rats were placed in LL (360 lux) for 21 days and DD for 30 days. At the end of these procedures, all rats were anesthetized as above and perfused transcardially with cold 0.9% saline and then with 0.1 M phosphate buffer containing 10% sucrose. Rats were decapitated and carefully craniotomized to visually determine the presence or absence of pineal tissue. Brains were then removed and frozen in cold (-40°C) isopentane. They were then coronally sectioned on a cryostat at 20 f.Lm through the pineal area. Sections were thaw-mounted to gelatin-coated slides and stained with cresyl violet for further histological examination to ascertain the completeness of the surgeries.
Wheel-running activity was plotted in actogram format, and several 15-day sequences were analyzed by time series analyses included in the Dataquest III software package. Leastsquares cosine regression was applied for test periods from 2 to 28 hr at 10-min test period increments. The highest percent rhythm (PR) values, which are the percentages of the total variance of the raw data accounted for by the fitted cosine model, for periods in the circadian range (21-26 hr) were recorded. This test period was taken as the circadian period (T) of the rat for the data collection interval, provided that p < 0.001. Estimates of T, if significant, were compared between PINX and SHAM groups by Student's t test.
Power spectrum analysis employing a fast Fourier transform (FFT) was also applied to the data, using 90-min average data intervals. The circadian peak was determined as that peak in the FFT corresponding most closely to 1 cycle/day. Because amplitude (total activity) may affect the absolute power (Blackman and Tukey, 1958) , peak height was not analyzed as a valid comparison between groups. Instead, to control for these activity amplitude differences that may affect absolute power, the areas under the circadian portion (from 0.8 to 1.2 cycles/day) of the power spectral curves and under the entire plot were measured by means of a computer image analysis system (JAVA, Jandel Scientific, Corte Madera, CA). The area under the circadian peak was then divided by the total area and multiplied by 100 to compute the percentage of circadian to total power. The mean activity level and the maximum activity level were taken from the &dquo;Load&dquo; menu in the Dataquest III program; each is expressed as the number of wheel revolutions per 10-min collection interval. Some rats expressed high levels of activity during and following biweekly cage cleaning. Activity bouts that exactly corresponded to the times of cage cleaning were discarded from this analysis and therefore did not contribute to either maximum or mean activity levels. The percent circadian power, the PR values from the cosinor analysis, T, and the levels of wheel-running activity from each experimental group were then compared by analysis of variance (ANOVA) and Newman-Keuls test. One SHAM rat behaved similarly in LL to PINX rats; that is, rhythms in LL were predominantly ultradian. However, histological examination of the brain from this rat indicated that the pineal gland of this animal had been lost during the sham surgery. One PINX rat died during the first 10 days in DD. These two animals were removed from statistical consideration. Entrainment of rats to the LD cycles was determined on the basis of both cosinor PR and frequency from the power spectra being exactly 24 hr. Entrainment was also analyzed by visual inspection of actograms to determine activity onsets, offsets, length of activity bout (a), and phase angle during LD cycles.
RESULTS
For 1-5 days following surgery, both SHAM and PINX rats were inactive. Thereafter, rats in both groups entrained to LD 16:8 similarly. No effect of PINX on phase angle, a, or amount of activity could be detected. Rats also responded similarly to LD 22:2; eight PINX and nine SHAM rats entrained according to cosinor and power spectral criteria, while three rats from each group failed to entrain, free-running from the time of the LD 16:8 to LD 22:2 transition. However, the activity offsets of two SHAM rats that were entrained by cosinor and power spectral criteria appeared to drift to the right, indicating that these animals may not have been entrained. In one PINX rat (#RN90-99; see Fig. 4 , below), the activity level was very low, and it was not possible to determine definitively whether it was entrained or not. In this rat, however, the disrupted pattern of activity in LL appeared to damp from the dark phase of the LD cycle, suggesting that this animal was probably entrained. Even SO,)(2 analysis of PINX versus SHAM rats entrained to LD 22:2 by either criterion revealed no significant difference.
In contrast to the situation in LD, SHAM and PINX rats behaved very differently in LL (Figs. 1-4; Table 1 ). SHAM rats expressed free-running rhythms of locomotion, with a period (T) of 25.64 ± 0.24 (SD) hr. In the records of six SHAM rats, there was also evidence of separate activity components, with periods shorter than those of the main activity component (Fig. lA) . In all cases, power spectral and cosinor analysis nonetheless indicated a single, predominant peak in the circadian range ( Figs. 1 B, 2B ; Table 1 ). The activity patterns of PINX rats, on the other hand, were profoundly disrupted or arrhythmic in LL (Figs. 3, 4 ; Table 1 ). The cosinor analysis indicated that all SHAM rats but only 5 of 11 I PINX rats exhibited a significant (p < 0.001) periodicity within the circadian range (21-26 hr) (Table 1) . Two additional rats exhibited multiple circadian peaks. Rat #RN90-93 displayed two periods of 23.67 (PR = 0.6%) and 25.67 (PR = 1.3%) hr, respectively, while #RN90-99 exhibited periods of 22.16 (PR = 0.5%) and 26.00 (PR = 0.9%) hr. ANOVA of spectral data indicated that cosinor PR and the percent power in the circadian range were both significantly lower in PINX rats than in SHAM rats (Figs. 3B, 4B; Table 1 ).
In the first 15 days of DD, SHAM rats continued to free-run but expressed a shorter average T of 24.13 ± 0.04 hr (Figs. lA, 1C, 2A, 2C ). PINX rats continued to express ultradian frequencies, whereas SHAM rats continued to express coherent circadian activity patterns. No reliable estimate of circadian T could be obtained for 4 of 11 rats (Figs. 3A, 3C, 4A, 4C). The remaining 7 rats displayed T's of 24.25 ± 0.31 hr. The higher-frequency activity components displayed by these PINX rats gradually coalesced into a single circadian component, until after 15 days in DD, the difference between SHAM and PINX rats diminished to insignificance (Figs. 1D-4D; Table 1 ). Figure 4 depicts the activity of one PINX rat whose recoupling was unusual, in that the duration of activity (a) in DD was very long (16 FIGURE 1. Sham pinealectomy does not alter the circadian pattern of wheel-running activity in the rat. (A) The continuous, double-plotted actogram of a rat indicates that it entrained to LD 16:8 but began to free-run in LD 22:2. In LL, the rat expressed a free-running period of 25.1 hr, and there was some evidence of splitting from day 35 to 38 and from day 47 through 51. When the rat was transferred to DD, a single circadian rhythm of 24.4 hr was expressed. (B) Power spectral analysis for the interval marked &dquo;B&dquo; on the actogram indicates a single peak at approximately 1 cycle/day. (C) Power spectral analysis for the interval marked &dquo;C&dquo; on the actogram indicates a similar single peak. (D) Power spectral analysis of the interval marked &dquo;D&dquo; on the actogram also indicates a single major peak. Large bouts of activity outside the active phase appear in this record and in those shown in Figures 2-4 on some of the following days: 5, 12, 19, 28, 42, 65, and 81 . These were associated with the times of cage cleaning and were excluded from the data analysis. FIGURE 2. Sham pinealectomy does not alter the circadian pattern of wheel-running activity in the rat. (A) The continuous, double-plotted actogram of a rat indicates that it entrained to LD 16:8 but began to free-run in LD 22:2. In LL, the rat expressed a free-running period of 24.8 hr. When the rat was transferred to DD, a single circadian rhythm of 24.2 hr was expressed. (B) Power spectral analysis for the interval marked &dquo;B&dquo; on the actogram indicates a single peak at approximately 1 cycle/day. (C) Power spectral analysis for the interval marked &dquo;C&dquo; on the actogram indicates a similar single peak. (D) Power spectral analysis of the interval marked &dquo;D&dquo; on the actogram also indicates a single peak. FIGURE 3. Pinealectomy disrupts circadian patterns of wheel-running activity in rats maintained in LL. (A) A continuous, double-plotted actogram of a typical rat that had been pinealectomized (PINX). Although the length of activity time increased after surgery in this particular rat in LD 16:8, no consistent effects of the surgery could be determined in LD cycles among all rats. In LL, however, this rat, like most PINX rats in the study, expressed high-frequency, ultradian patterns of activity. These ultradian bouts of activity gradually merged into a single circadian bout after being placed in DD. (B) Power spectral analysis for the interval marked &dquo;B&dquo; in the actogram indicates multiple highfrequency bouts of activity and relatively little power in the circadian range (at 1 cycle/day). (C) Power spectral analysis for the interval marked &dquo;C&dquo; in the actogram continues to indicate the high-frequency patterns, but shows an increase in the circadian range as well. (D) Power spectral analysis of the interval marked &dquo;D&dquo; indicates power in the circadian range and a pattern that is not discriminable from the pattern in the control condition (Fig. ID) . (A) A continuous, double-plotted actogram of a typical PINX rat. In LL, this rat, like most PINX rats in the study, expressed high-frequency, ultradian patterns of activity. These ultradian bouts of activity merged into a single circadian bout after being placed in DD. In this rat, however, a was unusually long (16 hr), and three distinct activity bouts were evident. (B) Power spectral analysis for the interval marked &dquo;B&dquo; in the actogram indicates multiple high-frequency bouts of activity and relatively little power in the circadian range (at 1 cycle/day). (C) Power spectral analysis for the interval marked &dquo;C&dquo; in the actogram indicates the high-frequency patterns aggregate into the circadian range. (D) Power spectral analysis of the interval marked &dquo;D&dquo; indicates power in the circadian range, but also higher-frequency harmonics indicative of split activity components maintained in stable but abnormal phase relationships. Note. Data from LL were obtained m the last 15 days of LL; DDi represents first 15 days of DD, and DD2 represents the last 15 days of DD. Data are means from 11 individuals ± standard deviations. aOnly 5 of 12 PINX rats showed sigmficant circadian rhythmicity for an accurate calculation of T. b Calculation is denved from 7 of the 11 rats m the PINX group. * p < 0.05. ** p < 0.01. hr), comprising three distinct activity bouts (Fig. 4A ). Although the maximum number of wheel revolutions per 10-min bin was significantly lower in LL than in DD in both SHAM and PINX rats, the mean number of revolutions per hour was not significantly affected by LL. Furthermore, no differences in total amount of activity, wheel revolutions per 10-min bin, or maximum amount of activity per 10-min bin were found between SHAM and PINX rats throughout the LD cycles, LL, and DD (Table 1) .
DISCUSSION
The data presented here indicate that the rhythm expressing a single bout of locomotor activity per circadian day displayed by SHAM rats in LL was dissociated into higherfrequency ultradian bouts in PINX rats. This dissociation of circadian activity components was reversible, since the high-frequency activity components in the actograms and spectral analyses gradually disappeared when PINX rats were transferred from LL to DD; activity components merged into a single, coherent interval of activity per circadian day. This effect was not due to a suppression of activity, because neither the maximum activity levels nor the average amount of activity was significantly different in PINX versus SHAM rats (Table  1) . Rather, the temporal distribution of this activity was affected. It is not known whether these higher-frequency components represented the output of ultradian oscillators or of multiple circadian oscillators that had drifted out of phase. These observations are apparently in conflict with several previous studies, which indicated no effect of PINX in rats and hamsters (Richter, 1967; Quay, 1968; Aschoff et al., 1982; Cheung and McCormack, 1982) . These studies, however, were performed in DD or very dim LL (0.1 lux) rather than the moderately intense LL (360 lux) described here, and indicated no effect on T or on phasic responses to discrete light pulses. The present data also indicate little effect of PINX in DD (Figs. 1D-4D; Table 1 ), corroborating the previous results.
In rodents, circadian organization depends largely upon the hypothalamic SCN. The SCN contain circadian oscillators that drive circadian rhythms of locomotion, sleep-wake cycles, sexual activity, body temperature, and endocrine functions (cf. Moore, 1983; Turek, 1985) . Among the endocrine rhythms under SCN control are the circadian synthesis and secretion of melatonin by the pineal gland (Klein, 1979; Klein and Moore, 1979) . These rhythms are entrained to the LD cycle via specialized visual pathways (Moore and Card, 1985) . The SCN are innervated via a direct retinohypothalamic pathway (RHT) (Moore, 1973; Cassone et al., 1988b) and via extensive geniculohypothalamic (GHT) afferents from the intergeniculate leaflet of the lateral geniculate complex (IGL) containing neuropeptide Y (NPY; Card et al., 1983; Harrington et al., 1985; Card and Moore, 1989 ). In addition, the rat SCN receive considerable serotonergic (5-HT) input from the dorsal raphe nuclei (Moore et al., 1978; Moore, 1983) . The data presented here suggest that in addition to these neural inputs, the SCN are modulated by pineal feedback.
Why are the effects of PINX only apparent in LL? At this point, it is important to note that this is not a unique feature of PINX. For example, the effects of lesions in the major neuronal afferents to the SCN are also most evident in LL. While lesions of the NPYcontaining IGL slightly lengthen T of Syrian hamsters in DD, the surgery dramatically shortens T in LL (Harrington and Rusak, 1986; Pickard et al., 1987) . Similarly, lesions of the dorsal raphe nuclei have relatively little effect on rat free-running rhythms in DD (Block and Zucker, 1976; Levine et al., 1986) , but in LL the surgery disrupts circadian rhythmicity (Levine et al., 1986) . Similar results have been obtained in Syrian hamsters with the 5-HTselective neurotoxin 5,7-dihydroxytryptamine (DHT); intracerebral DHT administration has no effect on circadian wheel-running activity in LD 14:10, but induces splitting and/or disruption of activity components in LL (Morin and Blanchard, 1990) . Perhaps these neuronal inputs modulate photic sensitivity. This appears to be at least partially the case for the NPYcontaining afferents from the IGL (Moore and Card, 1985; Meijer and Rietveld, 1989) . Cells of the IGL are photically responsive and display response properties consistent with a role as large-field luminance detectors (Harrington and Rusak, 1989) . Consistent with these electrophysiological properties, IGL efferents to the SCN modulate phase shifting in hamsters and, as stated above, alter T in LL in an illuminance-dependent fashion (Harrington and Rusak, 1986; Pickard et al., 1987) .
The pineal gland of rodents is also responsive to light because of its extensive sympathetic innervation whose circadian and photic input derives from the SCN (cf. Klein, 1979; Reiter, 1985) . Pineal photic sensitivity is reflected in the synthesis and secretion of melatonin, whose circadian rhythm of high values during subjective night is driven via this pathway and is acutely inhibited by light in an intensity-and wavelength-dependent process (Rivest and Wurtman, 1983; Reiter, 1985; Webb et al., 1985) . Conceivably, PINX rats become arrhythmic in LL because they perceive the light intensity to be higher than do their SHAM controls. Since increasing intensities of light increases the propensity for rhythm disruption (Hoffmann, 1971; Pavlidis, 1981; Pittendrigh, 1981) , an increase in perceived light intensity by PINX rats may induce the rhythm dissociation observed here . Along these lines, one interpretation of the effects of PINX in re-entrainment to phase-shifted photoperiods is that the surgery increases photic sensitivity, thereby increasing the propensity for masking (Aschoff et al., 1982; Rusak, 1982) . The present data may indicate an analogous increase in the sensitivity to light. In this case, however, this increased sensitivity to light is hypothesized to affect the circadian system as well, rather than bypassing it through a masking effect (cf. Rusak, 1982) . This idea is supported by the observation of Armstrong and colleagues (Redman et al., 1983b; Armstrong, 1989 ) that PINX rats re-entrain more rapidly to a 5-hr advance of LD cycle than do SHAM or intact controls. In these experiments, the rats' activity onsets never cross the light, as was the case in the previous studies (Quay, 1970; Finkelstein et al., 1978; Rusak, 1982) , so that masking is an unlikely explanation. Instead, these PINX rats appear to phase-shift more rapidly than do their controls, perhaps through an increased sensitivity to the phase-shifting effects of light.
Alternatively, but not exclusively, pineal feedback may affect oscillator coupling. As stated above, the mammalian SCN are &dquo;master pacemakers&dquo; regulating circadian rhythms (Moore, 1983) . Even so, there is also solid evidence that mammalian circadian organization, as in reptiles and birds (Cassone and Menaker, 1984; Gwinner, 1989) , is composed of multiple circadian oscillators whose coupling is critical to the temporal organization of physiology and behavior (Pittendrigh, 1981) . The most compelling evidence for multiple oscillators is the phenomenon of &dquo;splitting,&dquo; in which the activity rhythms of several rodent and primate species split into multiple (usually two) activity components under long-term exposure to LL (Hoffmann, 1971; Pittendrigh, 1981; Cheung and McCormack, 1983) . These multiple bouts of activity have been interpreted to reflect multiple oscillators, perhaps within the SCN themselves, which have become uncoupled temporarily (Rusak, 1977; Rosenwasser and Adler, 1986; Rosenwasser, 1988) .
The present data suggest that PINX may accelerate this process of uncoupling. Perhaps oscillators within the SCN (or their behavioral output) are modulated by feedback from the pineal gland via its nocturnal secretion of melatonin. This feedback may be important for the stability of SCN output and synchrony of intra-SCN oscillations (cf. Rusak, 1982) . There is some support for this idea in the literature. Phase relationships among sleep phases (Mouret et al., 1974) and between blood testosterone and thyroid-stimulating hormone rhythms (Niles et al., 1979) are altered by PINX in rats. The authors of these studies have interpreted their data to indicate that the pineal may act as a coupling device in coordinating internal synchrony of diverse physiological functions (cf. Armstrong, 1989) . Recently, Yanovski et al. (1990) observed rhythm disruption in LL of PINX rats whose SCN were surgically injured. SHAM rats with SCN injury showed no such disruption. No effect of the surgery was observed in DD. Finally, rats whose circadian rhythms of wheel-running and drinking have been disrupted by a very long period of gradually increasing photoperiod frequently exhibit disrupted activity patterns that are similar to those described here in PINX rats (Chesworth et al., 1987) . In these intact rats, daily injection of melatonin resynchronizes a daily activity rhythm that, when the injection regimen is terminated, free-runs in LL.
We do not know whether this resynchronization occurs at the level of the SCN. For example, the retinae, which possess melatonin receptors (Dubocovich, 1988) and which may also contain circadian clocks (Rem6 et al., 1991) , may be alternative sites of action. We also do not know whether the effect of PINX observed here involves melatonin. However, the fact that melatonin entrainment depends upon the SCN in DD (Cassone et al., 1986b) , the fact that the SCN are physiologically affected by melatonin in vivo and in vitro (Cassone et al., , 1988a Mason and Brooks, 1988; Shibata et al., 1989; Stehle et al., 1989; Rusak, 1990) , and the fact that they contain high-affinity melatonin receptors (Vanecek, 1988; Morgan and Williams, 1989; Weaver et al., 1989) all support the view that pineal melatonin feeds back to modulate SCN control of circadian rhythmicity.
